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INTRODUCTION
Sudden cardiac arrest (SCA) is a condition in which the heart suddenly and unexpectedly stops beating. SCA usually causes death if not treated within minutes. 1 SCA represents a very prominent public health threat. Using conservative estimates, cardiac arrest is the third leading cause of death in the United States, after cancer and heart disease. 2 Global incidence of out-of-hospital SCA ranges from 20-140 in 100 000 people, and national survival rates range from 2-11%. 3 There is a large variation in the reported incidences and outcomes from SCA. 4, 5 A systematic review by Berdowski et al. in 2010 of global incidence and outcomes of out-of-hospital cardiac arrest identified 67 studies, and found there was more than a 10-fold variation in incidences and outcomes of out-of hospital cardiac arrest, with an average survival to discharge of 7%. 3 It is estimated that 60 000 out-of-hospital cardiac arrests occur in the UK each year. 6 Approximately 80% of out-of-hospital cardiac arrests occur at home and 20% in public places. In England in 2013, the Emergency Medical Services attempted to resuscitate approximately 28 000 cases of out-of-hospital cardiac arrest. 7 Of this number, the average overall survival to hospital discharge was 8.6%. 7 This figure stands at 6.4% in Ireland. 8 These rates are significantly lower than those reported for populations in other developed areas: Norway 25%, 9 Seattle 20%, 10 and North Holland 21%. 11 However, these figures must be interpreted with caution due to variations in the way they are calculated and presented.
It is clear that sudden cardiac arrest is a significant cause of mortality and that there is clear potential for improvement in survival rates. Countries that have the highest rates of survival from out-of-hospital cardiac arrest are those that have strengthened all links in the "chain of survival".
The "chain of survival" in a sudden cardiac arrest The "chain of survival" concept has evolved through several decades of research into SCA. 12 Survival from SCA is more likely if a particular sequence of events occur as rapidly as possible. The five links in the adult chain of survival, as outlined by the American Heart Association, 12, 13 are outlined in Figure 1 . Critically, laypersons form the first three links of the chain. 
Role of the layperson and AEDs
AEDs have become increasingly available in public places around the world in recent years, allowing bystanders to defibrillate with minimal delay if necessary. Whether or not an individual survives depends largely upon the immediate intervention of bystanders. There is a significant body of evidence showing that early defibrillation for SCA improves the chances of successful resuscitation and survival. 12, [14] [15] [16] [17] The chance of survival from an out-of-hospital cardiac
Figures from Mater Misericordiae University Hospital Dublin found that in the vicinity of an AED, 54% of victims survived to hospital discharge, compared to 1.6% in areas where no AED was available. 19 Public access defibrillation is a proven highly effective strategy for victims of SCA who arrest in public places where AEDs are installed. 20 Laypersons form key links in the chain of survival, 12 and weakness in any link of the chain lessens the chance of survival and condemns resuscitation efforts to poor outcomes. Therefore, the understanding of layperson attitudes toward using AEDs is critically important.
The effectiveness and safety of AEDs in cardiac arrest is already established and thus was not a subject of investigation in this report.
METHODS
An electronic database search was performed with the objective of finding all existing relevant trials and studies relating to layperson attitudes towards and understanding of AEDs. This systematic review was designed to encompass a worldwide literature search due to global variation in attitudes towards the treatment and prevention of SCA and AED use. [21] [22] [23] Selection criteria Selection criteria were developed as outlined:
Inclusion criteria: The following inclusion criteria were established in order to ensure only relevant papers were included in the systematic review.
 Only articles/studies that included AEDs as a primary topic of investigation were included  Only papers focusing on the knowledge of or attitudes towards AEDs were selected for review  Only studies that included lay-members of the public were included.  Exclusion criteria: Studies were excluded if they were:  Not available as a full text  Not human studies.
Search strategy
PubMed, MEDLINE and the Cochrane Library were the primary databases used for collating literature and identifying relevant studies, as described in Figure 2 . The initial focused search strategy aimed to identify and critically reflect on key papers, and acknowledge the work of recognized experts in the field of Emergency Medicine and Resuscitation. This was later expanded to also include ScienceDirect and Google Scholar for a broader search of existing literature.
Each database was searched up until March 2015 using combinations of keywords including: AED; layperson; understanding; attitudes; knowledge; awareness; public.
These search terms were selected as the core concept under investigation in this review was layperson understanding of AED use. In order to assess the depth of understanding that members of the general public have regarding the role and use of an AED, one is also seeking to ascertain their awareness of the existence of the device, their knowledge of its function, role and purpose, and their overall attitude towards its use. It was decided that these keywords were most reflective and incorporative of the objectives of the review. In all cases, the searches of the above electronic databases were not restricted in terms of study type, year of publication or sample size. Due to the under-researched nature of the topic being discussed, these databases were searched exhaustively to find all relevant literature, both published and unpublished.
Study selection
The search of the Cochrane Library was not restricted in terms of study type, year of publication or sample size. Inclusion of the search term "automated external defibrillator" returned only 1 result. Unfortunately when read in full this study did not address the issue of layperson attitudes or understanding of AEDs in any form. Based on the outlined criteria this study was excluded from the review.
Using filters, the search of PubMed was restricted to studies relating to human subjects and with the full text available. The search was not restricted in terms of study type or sample size/type. Search with the keywords "AED" AND "attitude" returned 114 results. The addition of the keywords "public" OR "lay" narrowed the search to 25 papers. This subset of papers was assessed manually, using titles and abstracts as a preliminary method of inclusion/exclusion. Initially, titles were screened and assessed for relevance; irrelevant studies were excluded, leaving 16 studies. The abstracts of each paper were then screened and, again, studies that did not satisfy the inclusion criteria or with confounding factors and/or obviously flawed methodology were excluded. The main reason for exclusion was that studies did not include laypersons as a study group or did not include attitudes or knowledge of AEDs as a topic of study or discussion. Eight studies were left after the second stage. In the third stage, the full text of the remaining studies was read. Those studies deemed relevant to the objectives of this paper were retained, while those with clear bias, the presence of confounding factors or unsupported conclusions were excluded. At the end of this selection process five papers were selected for inclusion. Identical search criteria as described for PubMed were applied to a search of the MEDLINE database. Twenty search results were returned. Duplicates of studies screened on PubMed were removed and the same selection process was used to assess studies for relevance. One further paper was selected for inclusion in the review.
References from retrieved papers were checked in order to identify additional reports. This process yielded three extra studies. These papers were traced by using their titles in a Google Scholar search. A medical official with extensive background in SCA emergency response and research recommended one further article for consideration. 24 The flowchart of the study selection results is presented below in Figure 2 .
Data Extraction
Studies that met the inclusion criteria and were deemed relevant were selected, and the overall individual validity of this evidence was thoroughly assessed using the EBL Critical Appraisal Checklist. 25 The following data was extracted from each study: 1.
First 
Strengths:
 Large sample size.  Participants were chosen randomly in attempt to remove selection bias.  Well defined criteria for inclusion in study group/search protocols  Results were significant.
Limitations:
Survey can only measure what people say they will do, not what they actually do. There may also be a selection bias present. In addition, the study respondents were only high This study revealed a considerable lack of knowledge among the public relating to AED use. Less than half of participants (47%) would be willing to use an AED, and more than half (53%) were unable to recognize an AED. Overall, only a minority of individuals has sufficient knowledge and would be willing to use an AED. Conclusion: Extensive public education is needed before AEDs can be expected to maximize their public health influence.
Strengths:
Cluster sampling approach for selecting participants was unbiased, assigning equal chances of being selected to each individual. A zone of 3 m around two preselected AEDs was defined as the cluster. Individuals entering the zone were invited to participate in such a way that they could not recognize they would be interviewed about medicine/AEDs.
Limitations:
No generally accepted questionnaire available to test public knowledge and attitudes toward AEDs. Questionnaires were designed from scratch and piloted, thus this questionnaire was not a validated study instrument. Cannot determine whether subjects' answers actually reflect their personal opinion. Only 2% of respondents had used CPR since their training, but 92% had used other aspects of their life support training. Those who had retrained were more confident than those who had not and 89% of those who had not retrained were willing to do so. More than 80% expressed willingness to perform full CPR including AED use on casualties who were unknown to them.
Strengths:
Use of control group improves statistical validity of study. Large sample size. Cohort study design allows investigation of temporal development of the studied population. 60% were able to define "defibrillator" adequately. 71% stated they would be likely to use an AED to resuscitate a stranger. Most common concerns were fear of using the machine incorrectly (57%) and fear of legal liability (38%).
Limitations
Conclusion: Although a substantial number of people in this setting were willing to use an AED, education regarding legal liability and proper use of the machines increased the reported likelihood of use. Further public education may be necessary to provide optimally effective public access defibrillation programmes. There was a large variation in the range of the papers studied. The sample sizes ranged from a survey of 237 people in one study, 26 up to an observational study of greater than 2 million in another. 16 Eight of the reviewed papers were standardized survey-based studies, with sample sizes from 237 people to 3328 people. 27 These studies gave direct feedback from a large number of respondents on a broad range of questions examining attitudes, perceptions, understanding, and willingness to use an AED amongst a particular population. However, several limitations inherent to a survey study design were inevitable. Sampling bias has to be considered, as those who chose to participate may have been more informed, more motivated, or more interested in AEDs. As a result, the data may overestimate the likelihood of AED use, as studies did not count the number of individuals refusing to participate.
Strengths: 4 non-investigator physicians and 4 non-medically
From the participants who agreed to take part in the studies, it can be seen that the populations being studied varied significantly between papers. The vast majority of those included in the studied populations were members of the public. Participants included high-school and university students, bystanders at train stations and airports, customers in a shopping centre, and visitors at an amusement park. Notably, three of the papers reviewed 16, 27, 28 included trained healthcare professionals as part of the studied population, including medical students, nurses, and EMTs. This was identified as a source of potential bias. Trained healthcare workers cannot be considered laypersons in this setting, and their understanding of AEDs is unlikely to be a fair representation of the knowledge of non-medical members of the public. This may contribute to an overestimation of the baseline layperson understanding of AED use.
The broad spectrum of participants studied in various settings also represented a very broad age range, from teenagers at school to elderly laypeople in public places. This diversity of study populations and sizes may make the generalization of findings more difficult and less applicable to larger populations. However, it does provide an interesting and highly relevant body of data that can be interpreted and compared to give an indication of overall levels of awareness and understanding of AED use in a variety of different contexts, allowing a greater understanding of public shortcomings regarding knowledge and use of AEDs, and highlighting potential areas for improvement.
Since the data from certain studies was gathered from a cross-sectional sample of the public over a relatively limited time period, the results might be affected by differences in cultural, ethnical, and other social circumstances, and the findings may not be representative of attitudes and beliefs in other countries. As a result, there are concerns over external validity as the conclusions may not be universally applicable to different population subgroups. For example, in the Schober et al. study, 29 train users or visitors to the Netherlands from other countries may have a financial, educational, and social background that is not comparable to that of the country average. Subgroups are not necessarily representative of the entire population they originate from and observed differences between them should be interpreted with care.
After reviewing and critiquing the 10 selected papers, three broad themes emerged, discussed in the subsequent sections. 
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They repeated this study with nearly identical methods five years later, showing a temporal developmental relationship of the studied population. 28 The 2006 study found that 15% of high-school students and 44% of teachers surveyed had knowledge of how to use AEDs. The 2011 data reported that 47% of high-school students and 89% of teachers were familiar with AEDs.
In 2013, Bogle et al. 26 conducted a similar study amongst students in an American university, although with a significantly smaller sample size. The findings indicated that 88.4% of participants could identify an AED from images, but only 18.4% could indicate the basic mechanism of an AED. One out of six (17.7%) respondents knew that the student centre had an AED but only 2% could recall its precise location within the building.
Similarly, Schober et al. 29 conducted an extensive study of 1018 bystanders at Central Railway Station in Amsterdam, which revealed a considerable lack of knowledge among the public relating to AED use. When asked what should be done as quickly as possible if someone has a suspected SCA, only 6% of participants spontaneously mentioned defibrillation or AED in any way. Strikingly, when directed towards a nearby AED, less than half (47%) were able to correctly identify the device the investigator was pointing at as a defibrillator or AED, while 53% knew the purpose of the device. When asked about who is allowed to use an AED, 34% stated that anyone is allowed to use it, 49% believed that only trained personnel may use it, and 13% believed that its use to be restricted to healthcare professionals.
In Lubin's
30 assessment of public attitudes toward AEDs, a relatively small sample size of 359 shoppers at an American mall were surveyed and 60% were able to define "defibrillator" adequately. However, the specifics of what exactly represents an adequate definition are not clearly explained by the study findings.
A German study conducted by Christ et al. 24 interviewed 531 layperson visitors to an amusement park, finding that knowledge of AED use was poor (45.2%), especially among persons younger than 17 years or older than 67. Of the interviewed visitors, 75% recognized the installed AED, while 96.2% supported the placement of an AED. Meanwhile, Cronin et al. 31 examined attitudes towards AEDs at an overall institutional level in Ireland rather than an individual level. It studied a selection of amateur sports clubs in a region in Ireland observing the prevailing attitudes that exist within the club at a management level, and the how these attitudes are reflected in the clubs approach to AED use. It also looked at AED distribution; encouragingly 81.3% of amateur clubs in the studied region owned an AED. However, this study did not investigate individual members' understanding or willingness to use an AED.
Willingness to use an AED in the event of a SCA Concerning the willingness to use AEDs, all studies included in this review, with the exception of the Caffrey et al. paper, 16 examined participants' attitudes rather than actual behaviours. When presented with a hypothetical scenario, there are inherent possibilities that participants might answer dishonestly. As a result, the data may again overestimate knowledge and willingness to attempt to use AEDs.
The 2006 Taniguchi et al. study 27 in Japan showed that 12% of high-school students would "definitely" use an AED, while 35% of teachers gave this reply. The equivalent study in 2011 demonstrated that 73% of high-school students and 87% of teachers would "definitely" use an AED.
Meanwhile, Bogle et al. 26 found that about a quarter (28.1%) of respondents were comfortable using an AED without assistance compared with 65.5% when offered assistance. However, this study did not specifically probe willingness to use in the event of SCA.
Of the 1018 bystanders surveyed by Schober et al., 29 less than half of participants (47%) would be willing to use an AED. 43% indicated that they would not use it and 10% were unsure. Comparatively, in the study by Lubin et al.,30 71% of the shoppers surveyed stated they would be "likely" to use an AED to resuscitate a stranger.
Hubble et al. 32 conducted a cross-sectional survey exposing 683 high-school students to six different potential emergency scenarios to investigate willingness to perform cardiopulmonary resuscitation (CPR) and use an AED. Prior to the study, 86% were trained in CPR while 21% were trained in AED use.
Respondents indicated that they would be willing to perform chest compressions in 55% of cases, mouthto-mouth resuscitation in 43% of cases, and use an AED in 32% of cases.
Lester et al. 33 conducted a cohort study in Wales to investigate the role of layperson training, whereby a sample of 1600 lay-CPR trainees was interviewed four years after training and it was found that at this time more than 80% expressed willingness to perform CPR and use an AED on a stranger in the event of a SCA.
Reasons for unwillingness to use an AED in the event of a SCA Taniguchi et al. 27 in 2006 found that the main reasons for unwillingness to operate AEDs among both laypeople and healthcare providers were poor awareness of what an AED is or how to use it. In the 2011 study, 28 reasons for non-operation were similar to the 2006 study. 85% of respondents not willing to operate an AED cited lack of knowledge regarding the concept of AEDs and how to use them as the main reason. 28 Bogle et al. 26 described that of those who did not feel comfortable, 87.7% indicated that they were "afraid of doing something wrong".
Lubin et al. 30 found the most common concerns were fear of using the machine incorrectly (57%) and fear of legal liability (38%). After being told of liability protection from the federal Cardiac Arrest Survival Act, 84% stated they would be likely to use the AED.
In Hubble et al., 32 fear of injuring the patient (31.2%) and fear of legal consequences (16.9%) were the most common reasons for unwillingness to use an AED. Based on the findings of the papers included in this review, it appears that the primary reasons for public reluctance to use AEDs are:  Poor awareness of AED purpose  Poor knowledge of AED operation  Fear of incorrect usage  Fear of injuring the patient  Fear of legal liability.
Understanding the reasons for public unwillingness to use AEDs can help to inform future initiatives to address these issues.
DISCUSSION
The results of this review make for an interesting comparison of layperson understanding of AED use in different contexts and settings, and among different population demographics. Considering the frequency and significance of SCA to public health, this is an important topic of discussion in community medicine.
We sought to compare the documented knowledge levels in different communities and population subsets. This review compared the responses of participants from diverse backgrounds ranging from bystanders at train stations and airports, high-school and university students, to visitors at an amusement park and customers in a shopping centre. Laypersons were the focus of investigation in all studies, although some studies did also include participants with medical backgrounds. Four of the reviewed papers identified random members of the public at particular locations (e.g. a train station) as the study population, while six of the papers studied selected predetermined cohorts of a population (e.g. university students).
There are significant differences evident between the studied populations in that they originate from vastly contrasting social and cultural backgrounds and display very different age profiles. However, a common thread that is immediately apparent throughout the reviewed papers is that the baseline understanding of the role and use of an AED among laypersons is largely inadequate. This suggests that the potential public health benefit of increased AED placement is not being maximized at present. This is reflected to a large extent in national out-of-hospital cardiac arrest survival rates, 3 which also show considerable scope for improvement.
The lack of knowledge among members of the public regarding AED use was a key finding of this review. This was particularly evident in the studies of Schober et al., 29 Bogle et al., 26 Christ et al., 24 and Taniguchi et al. 27 Schober et al. 29 found that only a minority of individuals had sufficient knowledge and would be willing to use an AED. Only 61 of the 1018 train passengers surveyed spontaneously indicated that they would consider AED use when confronted with a SCA. This indicates a lack of awareness and familiarity with the important role and purpose of the AED. It was thus perhaps unsurprising that when prompted about the role of the AED, less than half of participants said they would be willing to attempt to use it.
In addition to this lack of understanding regarding the functioning of AEDs, there is concerning evidence to suggest that there are inadequate levels of awareness of AED location and access among members of the public. This is perhaps most apparent in the study by Bogle et al., 26 which sought to quantify knowledge and attitudes regarding AEDs and resuscitation among students in an American university in 2013. This study found that of the 237 students surveyed, 42 knew that their student centre had an AED, while only four could recall its precise location. This is an educated subset of society, yet on a campus with 37 AEDs, almost all students were unable to recall the precise location of one. This alarming figure highlights an important issue. While there have been considerable developments in the technology and distribution of AEDs in recent years, these efforts may prove somewhat futile if the devices cannot be located and used in a timely manner when required. AEDs cannot exert their maximal public health benefits unless the awareness and attitudes of the associated populations towards this life-saving device is of a satisfactory level. Students displayed a very limited knowledge of AED purpose, yet are undoubtedly active members of their respective communities and very receptive to learning. There is considerable opportunity for improvement in this area with appropriate educational initiatives. Although the Christ et al. study 24 was a similarly small-scale survey with a sample size of 531, the researchers came to the interesting conclusion that the placement of AEDs in public places in combination with intensive medical education can result in a high AED acceptance and recognition. This concept needs to be investigated on a grander scale.
This lack of understanding is further reflected in the levels of confidence and willingness to use AEDs in appropriate scenarios, which emerged as another key theme throughout this review. Taniguchi et al. 27 showed that a similarly large proportion of the Japanese lay-population lacked knowledge of how to use an AED, and subsequently would be unwilling to operate the device in the event of SCA as a result. However, many non-medical people in Japan stated that they would be willing to operate AEDs if they had better understanding of the equipment and its operation.
This suggests that it is necessary to provide better education to non-medical people regarding what an 27, 28 in Japan are the only papers that offer an assessment of the development of knowledge and understanding in the same study population over a given time period. The findings of these studies reported a significant increase in knowledge and willingness to use AEDs among laypersons from the year 2006 to 2011. While there was no definitive causative factor for this increase, it was suggested that a heightened general public awareness of the AED concept might be associated with an increase in population willingness to use an AED in the event of a SCA.
Publicly accessible AEDs are a relatively new phenomenon and, as technology has improved, the distribution of these devices has become more widespread. This could have been an important factor in the increasingly positive public attitudes reported by the temporal trends in the Taniguchi studies. However, more research needs to be conducted in this particular area to document increasing AED use and improving public attitudes in areas where this relatively new technology has become more freely available. The results suggest the potential importance of raising the awareness of individuals with non-medical backgrounds to the concept of AEDs and the need to learn how to use them.
The third key theme identified throughout this review was the reason for unwillingness to use an AED. Despite the contrasts in the populations being reviewed, a number of common reasons for reluctance were apparent across the various papers. The primary issues identified among the laypersons studied centred around fear and lack of understanding. This manifested itself in the forms of poor awareness of AED purpose, poor knowledge of AED operation, fear of incorrect usage, fear of injuring the patient, and fear of legal liability. In the Taniguchi 2011 study, 28 85% of respondents not willing to operate an AED cited lack of knowledge regarding the concept of AEDs and how to use them as the main reason.
Following on from this, the Lubin et al. study 30 found that although a substantial number of surveyed shoppers were willing to use an AED, education regarding legal liability and proper use of the machines increased the reported likelihood of use. Similar associations between training and willingness to attempt AED use are reported in the studies of Lester et al. 33 and Hubble et al. 32 Understanding the reasons for public unwillingness to use AEDs can help to identify future research directions and inform future initiatives and investment to address these issues of fear and inadequate understanding. Further public education is necessary to provide optimally effective public access defibrillation programs.
A number of important issues have been highlighted in this review. The low levels of understanding of AEDs among members of the general public is concerning. At present there is no definitive evidence to suggest whether or not a community educational programme could have a long-term impact on layperson knowledge of AED use, or how such a programme could affect general public attitudes in relation to SCA response.
Strengths of this review:
This review was conducted in a systematic manner. All literature included was selected using a transparent, repeatable selection process, and analysed in an unbiased way using an established critical appraisal framework. 25 A number of different databases were searched and every effort was made to include all relevant studies.
Limitations of this review:
This review includes inevitable limitations as only papers with full free text availability were considered for inclusion, which may have led to exclusion of relevant papers. The three-step selection process for screening the searched papers, as described in the methods, was conducted by one person only, namely the first author of this paper, and subsequently reviewed by the last author. This screening strategy created potential for misinterpretation and bias of the literature, thus influencing the results. This could be reduced in the future by addition of further secondary reviewers. Furthermore, the inclusion of non-laypersons in certain studies was a potential source of bias in the identification of themes.
Future Research:
Further research is needed to fully assess existing public knowledge and attitudes towards AED among broader population subsections in order to improve the external validity of this research. Recent randomized controlled trials have investigated the effect of video lessons in training laypersons the skills of CPR. [34] [35] [36] These studies suggest the potential role that an educational programme might have in improving knowledge levels. Further research should be conducted to investigate the impact of education on layperson understanding and willingness to use an AED.
CONCLUSION
There is a paucity of literature relating to layperson understanding of AED function and use. Similarly, the topic of layperson attitudes towards AED use is understudied. The overall baseline knowledge and understanding of the role and use of an AED among the studied populations of laypersons was relatively poor. The evidence suggests only a minority of laypersons would be confident or willing to use an AED in the event of a nearby SCA.
The extent to which an educational intervention could impact upon layperson understanding and confidence in the use of an AED is poorly understood at present. Currently, there is insufficient data to suggest whether or not a community educational programme could have a long-term impact on improving laypersons' attitudes towards AED use. Further research must be conducted into understanding and improving the attitudes of laypeople towards AEDs in order to maximize their public health benefit, with the ultimate long-term outcome of improving survival rates of outof-hospital cardiac arrest.
